Cerebral blood flow has been measured in dogs using the method of Ingvar and Lassen (1962) in which flow is calculated from the rate of clearance from the exposed cerebral cortex of krypton 85 after its injection into the carotid artery. It was found that the addition of trichloroethylene in concentrations of 0.4-0.9 per cent to a nitrous oxideoxygen anaesthetic mixture did not alter the cerebral blood flow significantly. Trichloroethylene did, however, reduce the oxygen consumption of the cerebral cortex by 20 per cent. These findings are compared with the previously reported effects of halothane. The striking differences in the response of the cerebral blood vessels to the two agents is discussed.
Trichloroethylene and halothane are the inhalational agents most generally recommended for neurosurgical anaesthesia (Lee, 1959; Wylie and Churchill-Davidson, 1959) . In attempting to produce optimal conditions for neurosurgery, a knowledge of the effects of anaesthetic drugs on cerebral haemodynamics is obviously important. Halothane has been studied recently (Galindo and Baldwin, 1963; , but little is known about the effects of trichloroethylene on cerebral blood flow and cerebral oxygen uptake.
METHOD
Blood flow through the cerebral cortex was measured by the method of Lassen and Ingvar (1961) , and Ingvar and Lassen (1962) . This involves the measurement of the rate of clearance of krypton 85 from an area of exposed cerebral cortex. We have previously given a detailed account of our experimental technique in using this method for the assessment of the effects of halothane on cerebral haemodynamics . The same procedure was followed in the present series of experiments, except for the following points.
Forty-nine measurements of blood flow through the cerebral cortex were made in six unselected mongrel dogs. A cannula in the sagittal sinus was 11 connected to a saline manometer for the measurement of cerebral venous pressure and for the collection of samples of cerebral venous blood. The right atrial pressure was monitored in one dog through a cannula passed via the external jugular vein and connected to a saline manometer. In four of the experiments the level of anaesthesia was monitored by an Offner electroencephalograph, using stainless steel electrodes. Bipolar, bifrontal and right frontal-occipital recordings were taken during each blood flow measurement.
Trichloroethylene was administered from a Fluotec Mark II vaporizer, the drug being vaporized by the same mixture of nitrous oxide and oxygen as was used for the control flow measurements. The setting on the vaporizer dial was 1.5 per cent in two experiments and 3 per cent in four. (These settings represent 0.43 and 0.87 per cent trichloroethylene respectively.*)
In each experiment three measurements of cerebral blood flow were made during ventilation with nitrous oxide and oxygen alone. Blood flow was then measured during the administration of trichloroethylene. In four experiments the effects of carbon dioxide and hyperventilation during trichloroethylene anaesthesia were observed. 
RESULTS
The results of measurements of cerebral blood flow, cercbrovascular resistance and cerebral oxygen uptake are shown in table I, and the mean values for  these parameters are presented in table II . On the average, trichloroethylene did not cause any change in cerebral blood flow from the control levels except in experiment 4, in which a reduction of 25 per cent occurred. Figure 1A shows each cerebral blood flow measurement during trichloroethylene administration as a percentage change of the average control vdue obtained in the same animal. It will be seen that the great majority of the results lie very close to the control level, but that in two animals there was a transient increase in flow in the first 15 minutes of the administration. The results reported previously for halothane are shown in figure 1B for comparison .
The cerebrovascular resistance was similar in the control and trichloroethylene groups. Trichloroethylene administration reduced the oxygen uptake of the cerebral cortex by an average of 20 per cent.
There was no significant alteration in blood pressure, arterial oxygen saturation, pH or Pco 3 (table  in) . Cerebral venous pressure was slightly, but not significantly (0.05<P<0.1) higher during trichloroethylene administration. The right atrial pressure was recorded in one dog and rose from -1 to +2 cm H 3 O during trichloroethylene anaesthesia.
When carbon dioxide was administered during trichloroethylene anaesthesia the flow increased by 116 per cent at a average Pco a of 74 mm Hg, while hyperventilation to a Pco 3 of 21 mm Hg reduced flow by 28 per cent (table IV) . In the electxoencephalograph there was a progressive decrease in amplitude and increase in slow activity during trichloroethylene anaesthesia as illustrated in figure 2. In Dog 1, however, high amplitude slow activity was evident early in the administration, and this was followed by a progressive decrease in amplitude with time.
DISCUSSION
Using this technique for measuring cerebral blood flow, one measures only flow occurring in the superficial layers of a limited area of parietal cortex. These measurements of flow are applicable, however, to the entire cortex, since it has been shown that cortical blood flow is fairly uniform during anaesthesia (Landau et al., 1955; Harper, Glass and Glover, 1961) , but they cannot be considered as necessarily indicating changes in total cerebral blood flow. Nevertheless, as blood flow through grey matter has been shown to be three to five times that through white (Landau et al., 1955; Kety, 1963) , cortical flow must account for a considerable proportion of total cerebral flow.
In assessing the effect of an anaesthetic agent on cortical blood flow it is important to maintain constant the other determinants of flow. These other factors are the perfusion pressure and the arterial tensions of carbon dioxide and oxygen. In this study, the mean aortic blood pressure was not The effects on cerebral blood flow and cerebral venous pressure of raising and lowering the arterial Pco t during trichloroethylene anaesthesia.
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No. altered significantly by the administration of trichloroethylene. Since ventilation was controlled throughout each experiment, it was possible to maintain the arterial carbon dioxide tension within narrow limits, while the oxygen content of the inspired gases was adjusted to maintain a steady level of arterial oxygen saturation.
The effect of trichloroethylene on cerebral blood flow. Under these controlled conditions, the addition of trichloroethylene (in concentrations of 0.4-0.9 per cent) to the nitrous oxide-oxygen anaesthetic mixture did not alter the average cortical blood flow. In two of the six animals there was a transient 30 per cent increase in flow which settled during the first half-hour of administration, and in one dog the flow was reduced by approximately 25 per cent throughout.
Nowill, Stephen and Searles (1953) used the thermoelectric technique of Gibbs (1933) to measure cerebral blood flow during trichloroethylene anaesthesia in rabbits and one monkey. They found that trichloroethylene, vaporized in oxygen, produced an increase in flow which was less than that which resulted from the administration of 5 per cent carbon dioxide. The authors do not state what anaesthetic, if any, was used in obtaining their control levels. Bozza, Maspes and Rossanda (1961) estimated intracranial tension by the look and feel of the dura at operation and found that "general anaesthesia" (which included the use of trichloroethylene in an unspecified number of patients) "did not appreciably modify the conditions of the operating field". However, as their technique did not detect a significant difference in the operating conditions between hypoventilation and normal ventilation, quite large changes due to trichloroethylene could have been missed.
The effect of trichloroethylene compared with helothane on cerebral oxygen uptake. Oxygen consumption was calculated from the cerebral cortical flow and the arteriovenous oxygen difference, the venous sample being obtained from the superior sagittal sinus. As the superior sagittal sinus in the dog contains mainly cortical venous blood (Gleichmann et al., 1962) , the oxygen consumption obtained is that of the grey matter of the cerebral cortex. For this reason the values given here are considerably higher than those obtained when cerebral oxygen consumption is calculated from total cerebral flow and arterial-internal jugular oxygen difference.
The oxygen uptake of the cerebral cortex was 20 per cent lower during trichloroethylene administration than during unsupplemented nitrous oxide anaesthesia. There are no previous measurements of the effect of trichloroethylene on cerebral oxygen uptake. Halothane in concentrations of 0.5 per cent or less has been shown to depress cerebral oxygen uptake by about 50 per cent, and, while the exact relationship between cerebral oxygen uptake and anaesthesia is uncertain (Butler, 1950; Hunter and Lowry, 1956) , these results fit well with clinical experience of the relative potency of the two agents.
Other observations during trichloroethylene anaesthesia. Although the average cerebral blood flow during trichloroethylene administration was no higher than the control level, the cerebral venous pressure rose slightly. In one dog, central venous pressure was recorded and was found to rise by 3 cm H 2 O during 2 hours of trichloroethylene administration, perhaps due to direct cardiac depression (Krantz et al., 1935) . As the cerebral venous pressure rose by the same amount at the same time, it is suggested that the increase in cerebral venous pressure was due to the change in central venous pressure. However, this explanation is not supported by the work of Dobkin, Harland and Fedoruk (1962) , who found no change in inferior vena caval pressure in dogs anaesthetized with trichloroethylene.
Nowill, Stephen and Searles (1953) described the changes which occurred in the electroencephalogram of rabbits and one monkey during their study of trichloroethylene as consisting only of slight slowing and a small decrease in amplitude.
In the experiments reported here, the electrocorticogram showed similar small changes in the first hour, but with more prolonged administration the changes became quite marked.
As has been previously reported (Nowill, Stephen and Searles, 1953; Ostlere, 1953; Dobkin, Harland and Fedoruk, 1962) , even prolonged administration of trichloroethylene caused no fall in arterial pH or in mean blood pressure.
The mode of action of trichloroethylene and halothane on cerebral blood flow. In an earlier study, using the same technique, halothane was shown to decrease cerebral cortical flow by 46 per cent . As the cerebral cortical oxygen uptake was reduced by 49 per cent, it was considered that the flow reduction was due to this decrease in oxygen consumption, mediated by an autoregulatory mechanism functioning to maintain a constant cortical tissue Pco 2 . As Sokoloff (1959) has said, "Any influence they [the general anaesdietics] may have is possibly chiefly secondary to their effects on blood pressure, cerebral metabolic rate and the respiratory gas tensions in the blood."
These results with trichloroethylene do not support this statement, since flow remained unaltered despite a 20 per cent reduction in cerebral metabolic rate (without any change of blood pressure or respiratory gas tensions). This finding could be explained by either of the following hypotheses:
(1) Anaesthesia interferes with the local control of the cerebral vessels so that they are unable to respond to the usual regulatory mechanisms.
(2) The unchanged flow with trichloroethylene is due to a balancing of a vasoconstrictive stimulus due to lowered oxygen consumption against a direct vasodilatory action of the drug on the vessel wall. Hypothesis (1) receives some support from the work of Schieve and Wilson (1953) , for they reported that the response of the cerebral vessels to added carbon dioxide was depressed by barbiturate anaesthesia. However, the results in table IV show that trichloroethylene does not impair the flow response to either increases or decreases in arterial Pcoj. In addition, Jacobson, Harper and McDowall (1963) have shown that during trichloroethylene anaesthesia, inhalation of 100 per cent oxygen produces a reduction in flow of 12 per cent; this is very close to the 13 per cent reduction found in conscious volunteers by Kety and Schmidt (1948) . As, therefore, the cerebrovascular response to changes in arterial gas tensions is not impaired by trichloroethylene it is likely that the response to local changes in Po, and Pco 3 is also normal.
Some support for hypothesis (2) comes for the observation in two animals of an initial increase in flow in the early minutes of administration. This could be due to a direct vasodilator action of trichloroethylene increasing flow before the drug had produced depression of cerebral oxygen uptake. This was, however, not a consistent response and, even in the two dogs in which it was noted, a closer scrutiny of the results shows that depression of oxygen uptake had already occurred.
It would, therefore, appear that the effects of anaesthetic agents on cerebral blood flow cannot be related solely to the depression of cerebral oxygen uptake that they produce. Either their effects are due entirely to individual direct action on the vessel walls-in which case halothane is a potent local constrictor and trichloroethylene has no effect -or they are due to a combination of direct action and response to local metabolic requirements, when halothane would be without direct action and trichloroethylene would cause direct dilatation of a degree equal to the constrictive stimulus of a 20 per cent reduction in the oxygen requirements. It is proposed to investigate further the relationship between cerebral blood flow and depression of oxygen uptake and the connection, if any, between vasomotor effects and particular chemical structures, by studying a range of volatile anaesthetic agents.
